A large pleomorphic gram-negative bacillus developed as a contaminant on bloodagar. Spores were formed in one culture. L-forms were produced with penicillin on blood-agar with 2.5% NaCl; they grew well when transplanted to agar with 0.5% NaCl. After several transplants and long incubation of the L-forms without penicillin, in three transplants small gram-negative pleomorphic bacilli grew, but no L-forms. This occurred once on blood-agar and twice on 30% gelatin. The growth obtained from these small bacilli was similar in morphology and in the physical properties of the organisms to the altered L-forms of Proteus and Salmonella. Multiplication of the pleomorphic organisms and development of branching filaments from the round forms was apparent. The original large gram-negative bacillus was regularly recovered from the L-forms, and was recovered several times from the descendants of the small bacilli. These observations are essentially similar to those made with L-forms of Proteus and with an L-form studied in 1952, indicating alterations in L-forms of bacteria which do not produce B type L-forms.
NaCl. After several transplants and long incubation of the L-forms without penicillin, in three transplants small gram-negative pleomorphic bacilli grew, but no L-forms. This occurred once on blood-agar and twice on 30% gelatin. The growth obtained from these small bacilli was similar in morphology and in the physical properties of the organisms to the altered L-forms of Proteus and Salmonella. Multiplication of the pleomorphic organisms and development of branching filaments from the round forms was apparent. The original large gram-negative bacillus was regularly recovered from the L-forms, and was recovered several times from the descendants of the small bacilli. These observations are essentially similar to those made with L-forms of Proteus and with an L-form studied in 1952, indicating alterations in L-forms of bacteria which do not produce B type L-forms.
In one experiment with a saprophytic mycoplasma, a large gram-negative bacillus developed as a dry, spreading growth around a culture of the mycoplasma. Most cultures obtained from single colonies of the large gram-negative bacillus were free from mycoplasmas, and mycoplasmas never reappeared in their descendants. This bacillus was designated as 2GN. The culture under certain conditions was extremely pleomorphic and was further studied. The most significant result of these studies is that cultures from the L-forms of bacillus 2GN were obtained which were similar in many respects to and also characteristically different from the altered L cultures of Proteus described in the preceding paper (3) .
MATERIALS AND METHODS
The materials used and the methods of microscopic study of the cultures were similar to those used with the altered Proteus L-forms previously described (3) . In addition, the medium recommended by Hayflick for the cultivation of mycoplasma was also used (5). Bacillus Y, mentioned in the preceding paper, was used in several experiments to enhance the recovery of bacteria from the L-forms.
All of the work was done by the author personally, as in the study of the altered L-forms of Proteus. The cultures were sealed and kept in the cold room throughout the whole period of study to allow for later checks and comparison. These studies would hardly have been possible without the permanent stained-agar preparations (2) and the agar fixation technique of Klieneberger (6) . RESULTS The bacillus 2GN usually grew in bundles of long thick or thin filaments (Fig. 1) . When it grew as large bacilli, many of the bacilli had round swellings, usually at the ends. The bacilli at the edge of the inoculated areas were often curved into a half-circle or into complete coils. from the large bacilli, but much smaller. These thin filaments were connected by transitional forms to the thick filaments and could not be cultivated separately from them. They were evidently one aspect of the pleomorphism of the cultures. The appearance of the culture and of the bacilli suggest that bacillus 2GN belongs to the genus Bacillus. Its classification was not attempted. A high degree of pleomorphism is often the property of a strain, not of the species, and is the result of the previous history of the strain.
Exposed to penicillin on blood-agar or on serum-agar with 0.5% NaCl, the filaments and bacilli produced masses of round forms corresponding in appearance to protoplasts, but they produced no L-forms. On media with 2.5 % NaCl, large bodies developed abundantly from the bacilli, and within a few days L colonies also developed. The L colonies remained viable and continued to enlarge for several weeks. L colonies also developed when the bacteria were inoculated on Hayflick's medium (5). Well-developed L cultures transferred to blood-agar or plain agar with 0.5% NaCl produced colonies which grew mainly on the surface with little penetration of the agar. In the course of a few weeks, the L forms grew to large mucoid colonies, and in heavy inoculated areas confluent masses were produced. The colonies consisted of large bodies which were often very large and irregular ( Fig. 8 ) and contained well-stained granules (Fig. 9) .
Immediately after production, L-forms transplanted to blood-agar plate (BAP) with 0.5% NaCl without penicillin did not grow, and no bacteria were produced. The transplants made after 4 to 6 weeks of incubation of the L-forms to media without penicillin often reproduced the large bacilli. When either young or old L cultures were exposed to the influence of Bacillus Y, the large bacilli were recovered in almost every case.
Successive transfers of the L-forms and of the various types of growth obtained from them are indicated in Table 1 . The bacillus 2GN was propagated in two separate lines (3 Aug and 5 Aug). They were handled in a similar manner. L-forms were obtained on a BAP containing 2.5% NaCl and penicillin, which was inoculated with the bacilli on 13 August. Transplants from this plate were made after 4 days of incubation to plain nutrient agar containing 17% NaCl and no penicillin. Slow growing L colonies developed on this plate without reappearance of the bacteria.
In further transplants, BAP were used with 0.5%O NaCl and no penicillin. After 6 weeks of incubation (5 October) single L colonies were transferred to a BAP. In the transferred culture only large bodies and granules, but no bacteria, were visible, and no bacteria developed in the transplant. Three single colonies of the L-forms of line 3 Aug transferred 23 October after 9 days of incubation to a blood plate, produced small colonies of small pleomorphic gram-negative bacilli and no L colonies. The bacilli at the periphery of the inoculated area grew on further incubation to quite large opaque colonies. Similar transplant of the 5 Aug line produced only growth of L-forms. On 31 October, single colonies after 17 days of incubation from both of the lines, 3 Aug and 5 Aug, were transferred to 30% gelatin in broth containing 0.5% NaCl, 5% horse blood, and no penicillin. Although there were no L-forms on this plate, small colonies consisting of small bacilli and pleomorphic forms developed. Colonies developing from line 5 Aug were transferred from the gelatin on 4 November to BAP with 0.5% NaCl. After 1 day of incubation, they produced a few groups of large straight gramnegative bacilli corresponding to the original 2GN and small colonies ( Fig. 10 ) consisting of small pleomorphic bacilli mixed with round forms of various sizes. Figures 11 to 21 show the various morphological forms present in colonies and in their descendants. Single colonies were transplanted from this plate again to a BAP on 11 November. After three more transplants, four 16-day-old colonies were transferred to BAP. One transplant from a larger colony gave abundant growth of small bacilli. The others yielded only slight growth; in two, branching filaments grew from the round forms ( Fig. 19 and 20) . The interior of the colonies consisted of round forms, some of which were elongated into short filaments (Fig. 18) . After 7 days of incubation, more branching filaments were present ( Fig. 20 and  21 ).
These cultures were transplanted and examined for 2 months. By picking isolated colonies, it was not possible to separate the various morphological forms. Small bacilli, granules, and round forms predominated in the cultures. Occasionally branching filaments and large gram-negative bacilli similar to the original 2GN appeared in the cultures.
It was characteristic of the growth of the small gram-negative bacilli that in the colonies, especially during the early development, transition in morphological appearance was present between the small bacilli and granules or round forms. The colonies often consisted of granules and round forms, with a few bacilli at the periphery. After 24 hr of growth, tiny colonies often consisted of very small granules with occasional larger round forms, but otherwise they had the the granules. The granules and round forms, small and The small bacilli were thin and many were belarge, were different from those seen in autolyzed tween 0.5 and 1.0 ,um in length (Fig. 14) . They bacterial or L-form cultures. They were deeply were less deeply stained than the granules and stained and mechanically resistant; when they seemed to be less resistant to deformation and were smeared they retained their shape. They destruction. They were not motile. Exposed to were evidently close to bacteria in structure, like penicillin they enlarged slightly and became the organisms in the altered L cultures of Proteus rounded. In one experiment with increased NaCl described in the preceding paper. It was apparent concentration, they produced large bodies and that the larger-sized round forms take part in L-forms similar to those produced by the bacillus multiplication. They disintegrated into smaller 2GN. In some cases, in thickly grown areas the forms, and the branching filaments developed small bacilli grew longer (over 1 ,um) without from them. Multiplication of the small granules branching, and only a few granules and round was not directly observed but it was suggested by forms were present. These bacilli regained their the absence of bacillary forms in the early growth original properties when transplanted and pro- Fig. 1 to 9 . Magnification is X2,250 unless otherwise noted. Fig. 10 . Tiny colonies in transplantsfrom 30% gelatin plate inoculated on 31 October with L-forms of line Aug S; 24 hr incubation. X250. Fig. 11-16 . Edge of colonies after further development, as in Fig. 10 . The small bacilli together with small rounded forms are best visible in Fig. 14 . The different morphological forms are intermingled in the colonies: Fig. IS , the small round granules; Fig. 13-16 , the large round forms and their disintegration into smaller forms. Fig. 17-21 Fig. 1-9 . Magnification, X2,250. Fig. 22 and 23. Small bacilli produced from L colonies of the large gram-positive sporebearing Bacillus Y. In Fig. 22 , the small bacilli are scattered and in groups under a disintegrated small L colony. In Fig. 23 , a colony of small bacilli is shown within the agar under a disintegrated L colony. Figures 24 and 25 show the observations made in 1952 (2). Fig. 24 . Tiny bacilli, granules and larger round forms. Fig. 25 . Branching filaments gro wing from the roundforms. the 31 October gelatin plate. In Fig. 17 , the inner part ofa 2-day-old colony consists of medium-sized roundforms, some of which elongate to thin filaments. Fig. 18 and 19 . Advanced growth offilaments, some showing branching, is visible at the edge of the colony. Fig. 20 (3) . The absence of mixed cultures and the simultaneous transformation of the whole culture of L-forms do not agree with the development of a contaminant. The derivation of the altered forms from the L-forms is also supported by the reproduction of L-forms and of the large bacilli in the culture of the altered forms. It is also unlikely that unusual organisms which have not been seen otherwise contaminate only the cultures of Lforms. However, it is desirable to study the various forms present in the cultures with serological and biochemical methods.
The essential properties of the altered organisms in 2GN and Proteus and Salmonella are similar. They grow in the form of small bacilli or granules, round forms, and branching filaments. They grow on the surface of agar, and their physical properties seem to be similar to those of bacteria. The 2GN is the first bacillus known which did not produce B type L cultures (4) and in the cultures of which altered organisms developed. Besides similarities, there are two characteristic differences between the altered forms produced in 2GN and those of Proteus or Salmonella. One is that, in cultures developing from L forms of 2GN, well-defined small bacillary forms were usually present or were predominant in the colonies, although absent in cultures derived from Proteus or Salmonella, and were produced only by exposure to Bacillus Y. The altered forms obtained from 2GN may be regarded as pleomorphic forms of the small bacillus. This pleomorphism is different from the pleomorphism of Streptobacillus moniliformis, Haemophilus influenzae, and many other bacteria. Pleomorphism in these bacteria is the result of the weakening of the cell wall; this is the first step in the development of the L-form. In the case of 2GN, the round forms and filaments, and probably the granules multiply. All of these organisms are mechanically more resistant than the small bacilli and less inclined to autolysis. They probably represent an irregular step in the reconstruction of the full bacterial structure. The second difference of the altered forms in 2GN and in Proteus is in the morphology of the branching filaments. The same type of branching filaments and of granules which developed from 2GN had been seen previously only once in the culture of an L-form studied in 1952 which has already been mentioned (1) . This culture presented the most spectacular morphological transformation observed in connection with L-forms. The transition between typical L-forms, small bacilli, and branching filaments was observed several times. However, the parent bacterium of this L-form is not known. It developed on a plate containing penicillin inoculated from a human throat. For the sake of comparison with 2GN, photographs of the granules and branching filaments seen in these cultures are shown in Fig. 24 and 25. One interesting result of the present study is that it suggests a possible identity of the parent bacterium of this strange L-form. It also suggests methods by which similar cultures may be obtained. Such cultures would be valuable in studying the conditions inducing transformation and the structures involved in transformation.
Less complete observations of the reproduction of bacteria from large bodies and L-forms of other species also suggest the production of altered forms. In Escherichia coli and Proteus, in the early stage of the reversion to bacteria, a few or a large number of very small bacilli have been mixed with bacilli of regular size (unpublished data). In several streptococci, the cocci recovered were also very small at first and gram-negative. Isolation of the small forms was not successful in these cases.
It is probable that, in the process of reconstruction of the full bacterial structure from the Lforms, organisms varying in morphology and in their potentiality for development are produced. Probably not all of the variants produced grow in the cultures; those that do grow are selected by the technique of cultivation. The observations available refer to L-forms produced under the influence of penicillin. Whether L-forms produced spontaneously, by lysozyme, or by other enzymes can
